Background: The sexual function of menopausal women is influenced by several factors. Objectives: We aimed to investigate the association between exercise and sexual function among postmenopausal women residing in Northern Iran. Patients and Methods: Using a multistage, randomized sampling method, 405 postmenopausal women, aged 40 to 65 years, were recruited to participate in this population-based, cross-sectional study. The female sexual function index (FSFI) questionnaire and a researcher-designed questionnaire were completed by every subject. Results: Overall, 61% of the women reported having experienced sexual dysfunction, and 53.6% reported that they had not performed any kind of exercise within the last 6 months; among those who did exercise, the most common form was walking (79.8%). The FSFI total scores (P = 0.013), as well as the scores in the lubrication (P = 0.007) and pain (P < 0.001) domains, were significantly lower for the women who performed exercises other than walking compared to those who only walked or who did not exercise at all. The frequency of weekly exercise had a positive correlation with the scores in the lubrication (r = 0.18, P = 0.014) and orgasm (r = 0.146, P = 0.045) domains. The logistic regression analysis demonstrated that the chances of reduced sexual desire were decreased by 80.2% (P = 0.044) with every unit increase in the frequency of weekly exercise. Conclusions: More frequent exercise will improve the sexual function of post-menopausal women.
Background
Sexual function is influenced by several physiological and pathological changes that occur during menopause (1) .
In the diagnostic and statistical manual of mental disorders (DSM-IV), sexual dysfunctions are defined as disturbances in sexual response cycle or pain associated with sexual intercourse. Sexual dysfunctions include sexual desire disorders, female sexual arousal dysfunction, male erectile dysfunction, male and female orgasm dysfunction, premature ejaculation, and sexual pain (vaginismus and dyspareunia) (2, 3) .
Due to the growing global population and an increased life expectancy, the number of postmenopausal women is on the rise. Studying this group of women, and especially the sexual difficulties they face, could be of significant value. However, it seems that the sexual problems of postmenopausal women have been given little attention to date; thus, it may be found that these types of problems are very common among these individuals (4) . According to community-based studies, the prevalence of sexual dysfunction among all women is between 25% and 63%, and among postmenopausal women, between 68% and 86.5%, depending on the setting of the study (5) .
Postmenopausal sexual dysfunction in women is a complex disorder that has many etiologies. To determine the optimal treatment for such disorders, a careful study of physiological, psychological, and lifestyle-related variables, as well as a study of interpersonal relations, is necessary (1) . Other variables, such as social status, cultural issues, and beliefs and opinions prevalent in society, also play a role. One of the factors that could be considered as having an influence on the sexual function of postmenopausal women is physical activity/exercise.
Limited numbers of studies have been conducted regarding the effects of exercise on sexual function in women, and the relationship between physical activity/exercise and sexual function remains obscure. Some previous studies have found a significant relationship be- tween physical activity/exercise and sexual function in postmenopausal women (6) (7) (8) (9) (10) . Other studies, however, show that there is no relationship whatsoever between the two in postmenopausal women (11) (12) (13) .
Exercise may enhance woman's sexual activity via several biomechanisms. It is known, for instance, that exercise stimulates the production of the corticotropin-releasing hormone (CRH), leading to the increased production of ACTH and endorphins (14) . Moreover, endogenous opioids related to exercise may have a positive effect on sexual function (15) .
Some studies have shown that exercise increases sexual arousal in healthy women, likely due to increased activity of the sympathetic nervous system (SNS) (16, 17) .
One study has shown that sexual satisfaction is heightened in women who experience regular physical activity (6) . In addition, it has been demonstrated that early postmenopausal women who exercise more frequently have a higher degree of sexual desire. In other words, the amount of exercise may be predictive of a significant increase in sexual desire (9) .
On the other hand, a lack of physical activity can lead to diabetes, hypertension, and obesity, all of which could result in decreased libido and sexual dysfunction (18) .
Physical activity may be an effective way of preventing menopause-related symptoms. Studies have shown that physical activity and exercise are associated with reduced psychosocial and physical menopause symptoms (19, 20) .
Exercise is the best general method for reaching a normal mental state (21) . Exercise, then, can have a positive impact on an individual's sexual health.
However, some studies have not shown a positive effect of exercise on sexual function. One study indicated that a 12-month, moderate-intensity exercise intervention among postmenopausal women resulted in significant decreases in serum estrogens (22) . Since estrogen plays an essential role in sexuality (5, 23) , its deficiency would lead to low libido, as well as to a range of menopausal symptoms in women (24) . The results of this study therefore should be taken into consideration.
Another study measured the effects of an intensive, 6-month-long behavioral weight-loss intervention on the sexual function of overweight and obese women. The intervention failed to improve the sexual function of the subjects to a considerable degree (25) .
The results of some studies also suggest that exercise could strengthen the pelvic floor muscles; however, the results have not always supported that assumption (26).
Objectives
Given the fact that few studies have been conducted in this subject area-especially with postmenopausal womenin order to eliminate settle the discrepancies regarding the relationship between exercise and sexual function in postmenopausal women and also to provide assistance in designing interventions intended to promote sexual health in this group, the present study aimed to determine the effects of exercise on sexual function in postmenopausal women.
Patients and Methods

Subjects
This population-based, cross-sectional study, conducted from October 2013 to May 2014, was conducted on 405 postmenopausal women residing in in Chalous and Nowshar, two cities located in Northern Iran. The inclusion criteria were as follows: natural menopause (neither surgical nor premature menopause); menopause occurring within the previous 3 years; no history of heart or serious mental disorder; an absence of severe psychological stress, such as involvement in an accident or the loss of a family member within the previous 3 months; being sexually active; the absence of sexual dysfunction in the husband; and not using herbal medicines containing phytoestrogens or supplements of sexual hormones. The sole exclusion criterion was the presence of flaws in, or the incompleteness of, the questionnaires.
Sampling Method
The minimum sample size was calculated to be 319, using the following formula: (1) 
r = 0.20
1 − β = 0.95
Thus, a total of 405 samples were used for this study. The expected power was calculated to be 0.95.
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Questionnaires were distributed to 420 postmenopausal women, and 405 of the questionnaires were examined after excluding the flawed and incomplete ones.
A multistage, random sampling method was conducted. Initially, the files and lists of the households were analyzed in health centers, and data regarding the size of urban and rural populations were derived. Based on the proportion of the populations in the two cities (Chalous and Nowshahr), the percentage of sampling from both cities was determined by the quota method. In the second stage of the study, considering the multiple locations in each city and the size of the population in each region, the sample size for each region was determined by the quota method. In the third stage, either all or a number of eligible individuals from each city block (branch-like areas) were selected based on the area of, and on the size of, the population of each block. Via home visits or phone calls, the eligible individuals were informed about the study and were invited to participate. The individuals who agreed to participate were enrolled by completing an informed consent form.
Measuring Tools
The data were obtained through interviews via the use of the female sexual function index (FSFI), prepared by Rosen and colleagues (27) , and a researcher-designed questionnaire. The questionnaires were anonymous and were completed by interviewers who were trained by the researchers and were sufficiently informed about the subject to be studied. The interviewers were able to explain any ambiguous cases to the subjects and to assist them in comprehending the questions.
The FSFI, a 19-item questionnaire, was developed as a brief, multidimensional self-report instrument for assessing the key dimensions of sexual function in women (27) . It provides scores on six sexual function domains (desire, arousal, lubrication, orgasm, satisfaction, and pain) (28, 29) . A total scaled score is obtained by combining scores from the six domains. The method of scoring is designed so that higher scores indicate better sexual function. The minimum and maximum scores for a total scaled score are 1.2 and 36, respectively. This tool examines the subjects' sexual function as experienced during the previous 4 weeks. For this questionnaire, a total score equal to or less than 26.55 is considered female sexual dysfunction (FSD). The reliability and validity of this questionnaire has been previously confirmed (27) : The questionnaire has been used in many studies and has shown a high degree of internal consistency and reliability. It has also determined significant differences between patients and control groups in the six domains identified (30) . The validity of the Persian version of the questionnaire was confirmed by Mohammady et al. (29) and Fakhri et al. (31) . In this study, the reliability of the FSFI was determined by the test-retest method. Cronbach's alpha and the ICC were 0.938 and 0.997, respectively. The translation validity of the FSFI has been verified by Fakhri et al. (2012) through forward and backward translation.
The researcher-designed questionnaire addressed personal and demographic characteristics, profile data about physical activity and exercise, and questions about marital relations (sex).
To determine the validity of the researcher-designed questionnaire, the method of content validity was used. The questionnaire was distributed to 10 faculty members at Shahid Beheshti University of Medical Sciences and was used in the study after revision.
In order to determine the reliability of division of marital relations, the test-retest method was used. The ICC was calculated as 0.806.
Statistical Analysis
The data were analyzed using the statistical software SPSS (version 18).
The continuous variables were checked for normality using the one-sample Kolmogorov-Smirnoff test. The results showed that all the variables had a normal distribution.
To evaluate the relationship between the FSFI scores and the exercise variables, given the normal distribution of the variables, parametric tests were used. To evaluate the questions related to marital relations sex and to marital relations in the researcher-designed questionnaire, given that the variables were ordinal, non-parametric tests were used.
To evaluate the relationship between the qualitative exercises variables-(a) exercise or the lack thereof; and (b) type of exercise-and sexual dysfunction, a t-test and the ANOVA were used. To determine the correlation between sexual dysfunction and the quantitative exercise variables: (a) frequency of weekly exercise; (b) duration of exercise at any time; and (c) duration of weekly exercise, the Pearson's correlation coefficient was used. The variables that had a significant correlation, or were close to having a significant correlation, with sexual function were included in the multiple linear regressions.
For the questions related to marital relations sex and to marital relations in the researcher-designed questionnaire, as well as to determine the correlation of different correlation of exercise with their respective variables, the Mann-Whitney (in the "no exercise" and "exercise" groups) and Kruskal-Wallis (in the "no exercise," "just walking," and Iran Red Crescent Med J. 2016; 18(5):e30120.
3 "other exercises" groups) tests were used; to determine the predictive factors of the variables, logistic regression was used. The level of significance was set at P < 0.05. This study was approved by the ethical committee of Shahid Beheshti University of Medical Sciences, with the code "sbmu.rec.1392.293," on Sep 8, 2013. Informed, written consents were also obtained from the subjects; the privacy of the subjects was maintained throughout the study.
Results
The mean age of the participants was 52.8 ± 3.7 (mean ± SD) years. The characteristics of the women are shown in Table 1 . In Table 2 , comparisons of the two groups (exercising and non-exercising) are shown in terms of demographic and anthropometric characteristics.
The performance of at least one type of exercise was reported by 188 women (46.4%). One type of exercise was performed by 168 subjects (41.5%); 17 (4.2%) reported completing two types of exercise; and 3 (0.7%) reported doing more than two types of exercise. The most common type of exercise performed was walking (79.8%). For the women who exercised, the aver- age frequency of exercise per week, the duration of exercise per session, and the duration of exercise per week were calculated to be 4.12 ± 2.1, 55.08 ± 29.7, and 3.82 ± 3.1 (in minutes), respectively. The greatest frequency of exercise was three times a week (29.8%), 31 to 60 minutes per session (48.4%), and up to 3 hours of exercise per week (58.5%).
The evaluation of the sexual function questionnaire (FSFI) indicated that the mean total score was 24.11 (in the range of 1.2 to 36.0). Table 3 shows the mean and standard deviations of the scores in all the sexual function domains. Among them, the lowest score was associated with the arousal domain, and the highest score was associated with the satisfaction domain. Among the subjects, 61% had FSD.
The total FSFI score and the scores for the desire, arousal, lubrication, orgasm, and satisfaction domains of the women who exercised were not statistically different from those who did not exercise. There was a significant difference in the pain-domain scores (P = 0.013) ( Table 4) . No significant correlation was found between the type of exercise performed and the FSFI total score. Given the fact that most of the subjects who exercised (79.8%) performed walking as an exercise, after dividing the subjects into three groups (no exercise, only walking, and other exercises), the data were re-examined via the ANOVA and Scheffe post hoc tests. The results showed that the FSFI total scores were significantly different among those who were doing exercises except walking, and the group that did not exercise (P = 0.014) or walked (P = 0.043). Therefore, the group that was doing other exercises had the lowest mean total FSFI score (21.90), and those in the no exercise group had the highest mean total FSFI score (24.55) ( Table  5) . A study of the various FSFI domains revealed that the mean scores in the domains of lubrication and pain were significantly lower among those who were doing other exercises compared to those who did not exercise or who just walked (P < 0.05) ( Table 4) .
In calculating the Pearson correlation coefficient, it was found that among the subjects who exercised, the relationships between the FSFI total score and the frequency of exercise per week, the duration of exercise at any time, and the duration of exercise in a week, were not significant. The results showed that the frequency of weekly exercise and the scores in the lubrication (P = 0.014) and orgasm (P = 0.045) domains had a significant positive correlation. On the other hand, a significant negative correlation was found between the duration of exercise at any time and the scores in the satisfaction (P = 0.049) and pain (P = 0.008) domains (Table 6) .
In order to determine the predictive factors of the FSFI total scores and the scores in the sexual function domains, multiple linear regressions was used. The results showed that none of the exercise variables were a predictor of sexual function ( Table 7) .
The average frequency of weekly exercise among the subjects whose sexual relations had decreased or stopped after menopause (3.9) was significantly lower than those whose sexual relations had increased or had not changed (4.6) (P = 0.035). Regarding the duration of exercise at any time and the duration of weekly exercise, no significant difference was found. The logistic regression results showed that exercise (P = 0.029) was a predictor of the variation in sexual relations after menopause, so that the chances of decreased sexual relations was 2.76 times higher in the women who exercised ( Table 7) .
The average frequency of weekly exercise was significantly lower for the subjects whose sexuality had reduced or stopped after menopause (3.8) compared to those whose sexual relations had increased or had not changed (4.9) (P = 0.001). No significant difference was found between the groups in terms of the duration of exercise at any time and the duration of weekly exercise. The logistic regression results showed that exercise (P = 0.011) ( Table 7 ) and the frequency of weekly exercise (P = 0.044) are predictors of the variation in sexual relations after menopause. Therefore, the chances of reduced sexual desire in the women who exercised were 3.4 times higher. However, by increasing the frequency of exercise in a week by one unit, the chances of reduced sexual desire were decreased by 80.2%.
With regard to the assessment of marital relationships (sexual) after menopause in the three groups-(1) no exercise; (2) just walking; and (3) other exercises-it was determined that 40% of those who performed exercises other than walking reported the level of their sexual relations after menopause to be "low to none," while this ratio was 19.5% in the subjects who only walked, and 18.9% in the nonexercising group. The Kruskal-Wallis test showed that satisfaction with the level of marital relations after menopause was significantly lower in the group that was doing exercises other than walking (P = 0.002) compared to the other two groups. The Spearman correlation coefficients were also determined for the subjects who exercised: The freIran Red Crescent Med J. 2016; 18(5):e30120. 5 The FSFI total scores are significantly different among those who performed exercises other than walking compared to the group that did not exercise (P = 0.014) or just walked (P = 0.043).
a Data are presented as mean score. b The Scheffe post hoc test results showed that the scores in the lubrication and pain domains, as well as the FSFI total scores, were significantly different for those who performed exercises other than walking compared to the group that did not exercise or just walked. quency of weekly exercise, the duration of exercise at any time, and the duration of weekly exercise had no significant correlation with satisfaction with the level of marital relationship after menopause. The results of the logistic regression analysis showed that none of the variables related to exercise were a predictor of satisfaction with the level of marital relations after menopause. It should be noted that since the data were collected through interviews in this study, there were no missing values.
Discussion
This study demonstrated that, for menopausal women, more frequent exercise will improve some sexual function domains.
In this study, no connection was found between exercise and the total scores, as well as the scores in the sexual function domains, with the exception of the pain domain. The results of a few other studies (12, 13, 32 ) also failed to show a relationship between exercise and sexual function scores. However, Gerber and colleagues found a significant correlation between exercise and sexual satisfaction (7), and Woods et al. found a significant correlation between exercise and sexual desire (9), both of which are sexual function domains. The differences between the results of these studies could be due to differences in the social and cultural fabrics of the communities under study, as well as the inclusion criteria. It should be noted that the studies of Gerber et al. (7) and Woods et al. (9) were not community-based studies.
One of the factors that could be considered a limitation of this study is the possibility that those who reported 6 Iran Red Crescent Med J. 2016; 18(5):e30120. walking as an exercise gave a false answer. Some of the subjects might have considered their typical daily walking to be an exercise. This issue could be a limitation of this study, even though it was noted by the interviewer and was partly under control.
Therefore, given that a significant number of the exercising subjects (79.8%) reported walking as their exercise, after dividing the subjects into three groups: 1) no exercise, 2) only walking, and 3) other exercises, the analysis was conducted again in order to remove ambiguity. The results showed that the scores in the lubrication and pain domains, as well as the total sexual function scores, were significantly lower in the group that performed exercises other than walking compared to those who were only walking or were not exercising at all.
However, the study of the quantitative variables related to exercise showed that the frequency of weekly exercise had a significant positive correlation with the scores in the lubrication and orgasm domains (P < 0.05). In other words, when the frequency of weekly exercise increases, the postmenopausal women's sexual function improved in these domains. This illustrates the fact that when exercise becomes a regular physical activity and is performed professionally and to a greater degree, it could have positive effects on both the lubrication and orgasm domains in postmenopausal women.
There was a negative association between the duration of exercise and the satisfaction and pain domains (P < 0.05). That is, when the duration of exercise at any time is higher, it had a negative impact on both the domains. This finding, however, is inconsistent with the results of the study done by Gerber et al. which found that the amount of exercise is directly correlated with sexual satisfaction. This particular finding of the present study is most likely due to the fact that most of the subjects, in their responses to the questions, reported devoting a greater length of time to walking (7).
The results of this study showed that among the subjects who exercised, the frequency of weekly exercise was significantly lower in those with decreased sex and sexual desire and in those with no sex and sexual desire compared to those with unchanged or increased sex and sexual desire.
By studying the level of satisfaction with marital relationships experienced by the subjects, it was found that in the group that was performing other exercises except walking, compared to the other two groups (no exercise and just walking), the level of satisfaction with marital relationships after menopause was lower (P < 0.05). Considering the variations in sex, sexuality, and satisfaction with marital relationships after menopause, it could be inferred that the women who have had undesirable experiences with respect to their sexual desires and sexual intercourse during the postmenopausal period have turned to exercise-particularly more technical exercises (not walking)-more so than others.
Perhaps this is indicative of the fact that Iranian postmenopausal women turn to exercise in order to compensate for their lack of sex and sexuality. This, of course, does not apply to those subjects who are more professional and Iran Red Crescent Med J. 2016; 18(5):e30120.who engage in higher levels of weekly exercise, because, in those women, the purpose of exercise is not only to fill gaps in their lives, but has professional aspects. To reach any conclusions, however, further studies are needed. The present study explains only the correlations between the variables. In order to reach conclusions about the relationship between exercise and sexual function, analytic studies are needed.
Considering a maximum 3-year range from the onset of menopause as an inclusion criterion led to the partial control of age as an important interfering factor in sexual function and menopausal symptoms, which is considered to be a strong advantage of this study.
Our study may have been limited by possible improper answers given by some of the poorly educated, or illiterate, women in response to such sensitive questions. To overcome this limitation, establishing close relationships, creating a safe environment for questioning, and ensuring the confidentiality of information were considered a part of the research strategy.
Conclusions
In conclusion, frequent qualified exercise could improve the sexual function of postmenopausal women. Further studies with a larger sample size of women representing various ethnicities are suggested.
